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ABSTRACT 
THISARTICLE DPSCRIBES A SYSTEM CALLED CINDI for cataloging and search- 
ing documents in a distributed virtual library. Mihen putting a document 
in the library, the author provides and registers metadata in the form of a 
semantic header for the document. The semantic header contains infor- 
mation on both the syntactic and semantic content of the document. An 
expert system simulating the expertise of a cataloging librarian helps the 
provider fill the semantic header according to accepted library practice. 
Later, if someone is searching for documents in the library, then this 
searcher is helped by another component of the expert system in properly 
formulating the query. This component simulates the expertise of a refer- 
ence librarian. The system then uses information provided by the seman- 
tic headers in locating and accessing documents wanted by the searcher. 
INTRODUCTION 
Avirtual library is a collection of electronic documents and resources 
distributed across a computer communication network (Saunders, 1993). 
These documents must be cataloged adequately so that a future inter- 
ested reader (searcher) can find and access them with relative ease. Many 
systems (Kahle, 1991; Pinkerton, 1994; Mauldin, 1995; Welcome, 199.5) 
catalog a document on the basis of words selected from it. They do not 
use the document’s semantic contents but generally use a program (called 
a robot, worm, spider, or crawler [Web robots, 19961) which traverses the 
network accessing the documents to be cataloged. 
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An efficient cataloging system calls for a precise description of the 
semantic contents of documents. A number of systems have addressed 
the problem of cataloging among which CORE (Cromwell, 1994), MARC 
(Byrne, 1991; Crawford, 1984; Petersen & Molholt, 1990), MLC (Horny, 
1985; Ross &West, 1985; Rhee, 1985), and TEI (Gaynor, 1994; Giordano, 
1994) can be mentioned. These systems, however, are mainly designed 
for professional catalogers. Creating indexes based on search robots has 
the following disadvantages: repeated attempts by robots to find new re- 
sources would increase the traffic on the network; the number of these 
robots is increasing and system administrators would likely disallow visits 
by robots; a robot-based approach would become difficult to justify if the 
network switches to a fee-for-use mode of operation (Brody, 1995; Brownlee, 
1995; Cocchi, Estrin, Shenker, & Zheng, 1991; MacKie-Mason, 1997). 
Searching with the more recent indexing systems (AltaVista, InfoSeek, 
Lycos, Yahoo) is cumbersome since the number of hits can be prohibitive 
due to poor selectivity of the supported search terms (Desai, 1997a). 
Metadata should be designed so as to provide the semantic content 
of an information resource and be better suited to support its subsequent 
discovery than the resource itself. In many cases, the resource itself may 
not be able to provide its semantic contents by its nature, or it may do so 
only after a fairly extensive and time-consuming computation. Examples 
of such resources are the following forms of information: audio, video, 
and collections of program codes. Our metadata takes the form of a se-
mantic header (SH) (Desai, 1994a). Details of SH and its comparison to 
the Dublin Metadata Element List (DMEL) are described by Desai (1997). 
The use of the DMEL in representing Web objects is given by Qin (1998). 
When an author puts a document on the net, she is the one who 
knows the document well and can semantically describe it best. Accord- 
ingly, she fills in the slots in the semantic header. For an efficient search, 
the index is stored in database registries distributed across the network. 
Since the document provider fills her own semantic header, costly profes- 
sional indexing is not required. 
In this article, we describe an indexing and discovery system called 
CINDI (Concordia INdexing and DIscovery System), which helps a docu- 
ment provider fill in the semantic header for her document and register 
it on the net (see Figure 1). Once registered, CINDI provides the facility 
for a searcher to locate the semantic header and then the document. 
CINDI thus allows a document to be searched not only on its syntax but 
also on its semantics. In this article, we use the term “provider” for one 
who makes a document available on the Internet; a “searcher” is one who 
looks for document(s); a “user” can be a provider or a searcher. 
The organization of this article includes a discussion of the knowl- 
edge discovery problem; an overview of CINDI; the registering and main- 
tenance of the semantic header; the expert and database system used; 
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and the communication process. Owing to space limitation, the last two 
sections describe briefly the searching and annotation features of CINDI. 
The current implementation status of CINDI and our future plans are 
given in the conclusion. 
DISCOVERYON THE INTERNET 
In June 1995, we made a series of tests on a number of then existing 
Internet indexing systems; these were ALIWEB, DACLOD, EINet Galaxy, 
GNA Meta-Library, Harvest, InfoSeek, Lycos, Nikos, RBSE, World Wide 
Web Catalog, WebCrawler, WWW, and Yahoo. The intent of these tests 
was to determine how many URLs to documents containing the target 
search strings Bipin (AND) Desai were indexed by these systems. The 
results obtained are given in Table 1which shows the number of hits, mis- 
hits, and misses (Desai, 1995a). 
In this table and the following tables, the number of hits is the count 
of the documents found to be relevant to the query. The number of du- 
plicates is the number of times the same document was retrieved by the 
indexing system using different components of the search criteria or when 
the same document is being served from more than one site. In the more 
recent search engines, the systems tend to eliminate the former form of 
duplicates; however, the same document accessible from more than one 
site is replicated in the result. The number of mis-hits is that of irrelevant 
documents, and the number of misses is the number of relevant docu- 
ments missed by the search system. 
Many of these pioneering indexing systems, existing in mid 1995, are 
no longer active. In the meantime, a number of new systems, such as Alta 
Vista, OpenText, Hotbot, and so on have emerged. Many workers in the 
domain of the digital virtual library feel that these newer systems have 
addressed many of the issues we raised in designing the CINDI System. 
Table 1. 
SEARCHSTATISTICS THE SEARCH BIPIN (AND) DESAI:.~UNE FOR USING TERM 1995 
Search System Number Number of Number of Number of 
of Hits Duplicates Mis-hits Items Missed 
Aliweb none 25 
DACLOD none 25 
EINet 6 0 4 23 
GNA Meta Lib. none 25 
Harvest none 25 
InfoSeek 7 0 0 18 
Lycos
Nikos 
231 
none 
2 222 18 
25 
RBSE 8 8 25 
W3 Catalog 
Web Crawler 
none 
7 3 0 
25 
21 
www 2 0 0 23 
Yahoo none 25 
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The next series of tests was done from September through October 
1997 to find the number of relevant documents that could be located by 
the then current search engines and to evaluate the usefulness of the index 
entries retrieved. Relevance ofa document could be,judged easily once the 
target set was known. M7e repeated the test performed in 1995 with the 
same search words. At the time of the test, some 325 URLs were known to 
contain the words “Bipin” and “Desai.” These represent Web documents 
pertaining to one of the authors of this article. The complete list of these 
URLs can be retrieved from the following URL: http://~~~~~.cs.concordia.ca/ 
$\sim$faculty/bcdesai/search-oct97/whereis-Desai.
h tml. 
The first set of tests, the results of which are given in Table 2, was 
done on the following search engines: Alta Vista, Excite, Hotbot, Infoseek, 
Lvcos, OpenText, and Yahoo. 
Table 2 
S E k R C H  ST4TISTlCs FOR U 5 I N G  THF SPARCH T ~ R M  SEPT. 1997BIPIN(AND) DE S h I  
S rmch  Number .umber of ,Vzcmbrr of Numbn of L\rumber of 
Szctrm of Hztr Dublaratry Mzs-hztc Drfunrt Itrms ilfztrrd 
Altclvl%Jtn/ 97 9 23 4 264 
Yflhoo 
Exczte 114 10 29 7 247 
InfoSerk 8 2 1 1 319 
Lyo7  57 7 15 14 297 
Hotbol 245 28 58 19 1.55 
OtienText 19 7 5 318 
As in the 1995series of tests, we have shown the results by noting the 
number of hits produced, the number of duplicates, number of mis-hits, 
arid the number of relevant documents not listed in the result; we have 
also included a column for the number of defunct URLs (which do not 
lead to any valid target Web pages). The duplicates are either the same 
document being served from two sites or the same document from the 
same site listed more than once. The latter errors seem to have been 
corrected in most search engines which do sufficient pre-processing of 
the result to eliminate obvious duplicates before presenting it to users. 
The documents missed could be due to the approximations used by 
engines such as Alta Vista when it finds a large number of hits. However, 
the fact that these search engines could not locate all documents indi- 
cates the difficulty of reaching isolated URLs by search robots. 
The bigger problem is the lack of selectivity and the measure ofuse- 
fulness of the documents found by the search engines. We have collated 
the results by following the trail of “next” sets of URLs, and these could be 
viewed by pressing on the number of hits for each search engine in the 
online version of Table 2 (Desai, 1997a). A glance at the abstract or sum-
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mary presented by the search engine indicates that they are not very re- 
vealing and, except for the most pedestrian needs, following the pointers 
would result in a drain of the searcher’s time. 
SEARCHSTATISTICS VARIOUS STRATEGIESFOR USING SEARCH 
In a third series of tests, we used a simple search with the search 
terms: Bipin Desai, the advanced search expressions “Bipin Desai,” and 
“Bipin C. Desai” respectively. These tests were made only on Alta Vista/ 
Yahoo. The results of these tests are given in Table 3. 
Table 3. 

SLARCHSTATISTICS SEARCH SEPT. 1997 
FOR USINGTHE VARIOUY TERMS: 
Search Numbm Number of Number of Number of Number of 
System of Hzts Duplarates Mzs-hzts Dpfunct Items Missed 
Alta Vasta/ 
Yahoo 4285 30-90% 10.80% 200+ 
Alta Vzsta/ 
Yahoo 29 2 13 3 312 
Alta Vzsta/ 
Yahoo 128 14 10 201 
The result for a simple search of Bipin Desai (row 1 of Table 3) shows 
a high number of hits (4,285 in the test reported here; there is a bit of 
variation due to Alta Vista’s method of abandoning a search after a suffi- 
ciently large number of hits is made). However, the simple search pro- 
duces very low selectivity and relevance. Most of the hits in the top 160 
entries are irrelevant, and a large number of relevant documents are not 
located. Most searchers will not have the patience to go through more 
than a few pages of the result, there being some 214 pages of the result for 
4,285 hits. 
The result for an advanced search expression for “Bipin Desai” (row 
2 of Table 3) gives a lower number of hits and relevance since the author 
prefers to include his middle initial in the name. Most searchers may not 
be aware of such details. 
The result for an advanced search expression for “Bipin C. Desai” 
(row 3 of Table 3) gives a relatively large number of relevant documents, 
some of which are duplicates, being accessible from more than one site. 
Some of the defunct UlUs are not deleted by the search engines, point- 
ing to the maintenance problem of the underlying database. However, 
this search still missed about two-thirds of the documents. 
These tests lead us to believe that a search system should support 
better semantics. It is our opinion that the semantic header-based system 
(see Figure 2) (Desai, 1997b), wherein the provider of the resource is 
responsible for generating the entry, would be a more useful scheme to 
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support discovery. The semantic header is designed to describe the 
semantic contents of the source information resource and is better suited 
to supporting knowledge discovery than the actual resource. Many for- 
mats of a resource may not be directly accessible electronically, be suitable 
for direct discovery, or may require a considerable amount of computa- 
tion and extremely slow response. The semantic header could also be 
used as a surrogate to express semantic dependencies inherent in a col-
lection, which is not possible to do with existing search engines. 
The quality and the reliability of the document could be expressed by 
including reviewers’ comments in the form of annotation with the seman- 
tic header. Such reviews are rarely accessible in traditional cataloging 
systems. However, in the CINDI system this, along with the abstract sup- 
plied by the authors, would be valuable in judging the suitability of a docu-
ment to a searcher. It  could also give feedback to the provider. The 
semantic header metadata also allow the server system to perform initial 
query processing and thus reduce the cost involved in accessing and pro- 
cessing irrelevant resources. 
OVERVIEWOF THE CINDI SYSTEM 
The overall structure of the CINDI system is shown in Figure 1. The 
workstation at the provider’s site contains the CINDI client software and a 
partial catalog. The client software is composed of a registering graphical 
user interface, the client portion of a distributed expert system, and the 
associated knowledge base. The semantic header information entered by 
the provider of a resource using this graphical interface is relayed from 
the user’s workstation by a client process to the database server process at 
one of the nodes of the SH Distributed Database (SHDDB). The node is 
chosen based on its proximity to the workstation or on the subject of the 
index record. On receipt of the information, the server verifies the cor- 
rectness and authenticity of the information and, on finding everything 
in order, sends an acknowledgment to the client. It also has a partial 
catalog of the thesaurus database. The function of these are described 
later in the section on the Semantic Header Registration System. 
The server node is responsible for locating the partitions of the the- 
saurus for the subject hierarchy or the sites of the SHDDBs where the 
entry should be stored and forwards the replicated information to appro- 
priate nodes. The server node is also responsible for providing the cata- 
log information for the search system. In this way, the various sites of the 
database work in cooperation to maintain consistency of the replicated 
database. The replicated nature of the database also ensures distribution 
of load and continued access to the system when some sites are tempo- 
rarily nonfunctional. 
The user interface for the CINDI system consists of three graphical 
interfaces: the SH index registration system, the search system, and the 
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Server Site 
Client Site 
Knowledgebase 
1 
IClient Site 
Server Site -t-
Knowledgebase 
CafalogueB 
Client Site 
CatalogueB 
Figure 1. Overall Structure of the CINDI System. 
annotation systems. The SH index registration allows a document pro- 
vider to fill in the slots of the SH. The search interface is used by a searcher 
to locate documents. The annotation interface allows a user to insert 
comments on a document in its semantic header. The indexing and search 
systems have an associated expert system that helps the providers and 
searchers in selecting appropriate subject terms to best describe the source 
document or the query respectively. These functions are described briefly 
later in this article. 
The SHDDB contains information on subject hierarchy, a thesaurus 
to help select controlled terminology from the subject hierarchy, the reg- 
istered semantic headers, and the associated annotations. An expert sys-
tem mimics the cataloging librarian and helps a provider make suitable 
controlled subject entries in the semantic header. When a searcher uses 
the expert system, it mimics a reference librarian in helping him locate 
the relevant subjects. The communication from a user workstation to the 
database site uses the client/server paradigm. 
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The slots of the SH, as seen in Figure 2 ,  contain the title of the docu- 
ment, its authors, the subject(s), abstract, and so on. The intent of the 
semantic header is to include those elements that are most often used in 
the search for an infomiation resource. Furthermore, the SH provides 
information on the organization of a document such as chapters, sections, 
or whether the document is part of or an actual collection. The registry 
containing all the semantic headers is much smaller than the actual col- 
lection of documents (Desai, 1997). A person searching for a document 
Figure 2. ComDonents of the Semantic Header. 
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first locates the appropriate SHs. Once these are found, the actual docu- 
ments can be easily accessed. Since the registry for the SH is smaller than 
the actual collection, and much of the query for the required search terms 
could be preprocessed, searching becomes faster. 
SEMANTIC REGISTRATIONHEADE  SYSTEM 
The Semantic Header entry and registration subsystem provide a 
graphical interface (similar to Figure 2) to facilitate the task of the pro- 
vider (author/creator) of a resource to register the SH for the resource. 
The system also offers help by means of pop-up selection windows and an 
expert engine to suggest controlled terms. This expert engine is intended 
to bring some of the expertise of a catalog librarian to the ordinary user 
(Chander, Shinghal, Desai, & Radhakrishnan, 1997). Many of the ele- 
ments in the SH can be extracted directly from the resource document if 
they are properly tagged (the Automatic Generation of Semantic Header 
project is currently underway at Concordia) .Once the information is cor- 
rectly entered, the provider can decide to register the SH entry in the 
database. When the SH information is accepted by the database, the pro- 
vider is notified. A user ID and the associated password is required when 
the SH is first registered and for all changes made to it. Since the user ID 
and the password are not accessible by anyone other than the original 
registrar (usually the provider) of the index entry, the entry can only be 
updated by persons who are cognizant of them. Changes that may be 
made could be due to changes made in the resource or its migration from 
one system to another. A copy of the SH is stored at the provider’s site for 
convenience in later updates. 
The subject for the document being indexed is selected hierarchi- 
cally. The provider first selects the general level, and a rule-based sys-
tem thereafter guides the selection of the corresponding lower levels. 
In case the provider is unclear about the subject area of the document, 
she can seek help by entering a string in the “search string” slot and use 
either the synonym or substring push button. A rule-based system is 
invoked and guides the provider in selecting the appropriate subject. 
The provider is not allowed to enter the subject terms directly, thus re- 
stricting the subject terms to a controlled vocabulary from the subject 
headings. 
Some of the slots can contain more than one value-e.g., the author 
slot can have more than one name and address to signify that the docu- 
ment has multiple authors. These multiple values are entered by using 
the NEXT and PREVIOUS buttons in the corresponding slots. Using this 
scheme, any number of values for such slots can be entered. 
When a new provider first creates an SH, she chooses, with the help 
of CINDI, her own unique user ID and password. These values are stored 
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in the CINDI database and are associated with all SHs registered using 
this pair of values. The values of the SH slots can be updated only by the 
provider of the SH. The only exception is the annotation slot: here, any 
user can insert comments. Only the provider is allowed to delete her 
semantic header. The deletion of an SH would not affect its user ID and 
password. 
Expert System Supportfor Repstering 
Expert and knowledge based systems have been used in various do- 
mains to provide users with the expertise of a domain expert. In our 
system, we need to guide the provider of a document in choosing the 
appropriate subject hierarchy from a controlled hierarchy (we use a hi-
erarchy derived from ACM, INSPEC, and the Library of Congress Sub- 
ject Headings [LCSH]). In many domains, the domain knowledge is 
encoded as a set of “ i f .  . . then . . .else” rules. Encoding knowledge in 
such a manner and checking the user input against such encoded rules 
has been found to be fairly inefficient. Our initial approach using CLIPS 
(Giarratano & Riley, 1994) to encode these rules proved this observa- 
tion. Furthermore, CLIPS imposed a considerable overhead on the sys- 
tem. 
In registering an SH, and for later searching, it is essential to employ 
the knowledge and expertise of cataloging librarians. However, employ- 
ing professional librarians may be costly, thus the need of an expert sys-
tem to model librarians’ expertise and guide users in cataloging and search- 
ing. The expert system would help users choose correct subject terms. It 
would also guide them to register, update, delete, and annotate SHs. The 
expert system is designed so that its query for resource searches facilitates 
efficient database access and reduces the number of incorrect results gen- 
erated. 
Expert systems have been used to encode the expertise of experts in 
well-defined domains. The system can then be used to guide users in 
reaching the same conclusion as the domain experts in a given situation. 
In our case, we need the expertise of a cataloging librarian to help users 
choose appropriate controlled terms using a knowledge-base encoded as 
a thesaurus of synonyms. 
A typical user wanting to create a semantic header entry for her docu- 
ment usually does not have precise knowledge of the exact subject head- 
ing hierarchy under which the document should be classified. However, 
she has a very good idea of the exact topic(s) treated in her document 
and knows the usual terms used in the relevant literature. Such terms 
may not be the same as the controlled terms established by a cataloging 
authority such as the LCSH. The cataloging system, mimicking a cataloging 
librarian, should be able to guide the user in a search for controlled terms 
from a subject heading hierarchy. 
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Checking for all input combinations using direct encoding of knowl- 
edge has been found to be very inefficient (Chander, 1995). Our first 
attempt was to incorporate the expert system rules by embedding an ex- 
pert system shell in the cataloging system. However, this approach was 
not only slow but increased the overall size of the system. Furthermore, 
the shell was not sensitive to the context under which a rule was to be 
tested and hence had to recompute the set of' rules to be tested. 
Our second attempt was to replace the expert system shell by distrib- 
uting the rules in the appropriate components of the system. This not 
only increased the context sensitivity of the system and reduced the size 
ofthe program code, but it also reduced the number of rules that had to 
be considered for each subsystem. This distributed system was encoded 
directly as C/C++ functions, thus further improving the system perfor- 
mance. In this prototype version of the system, we allowed the user to 
enter a term at any of the three levels of the subject hierarchy. If the term 
entered was found to be a synonym of a controlled term at the same level 
as the one entered by the user, then the system would show the controlled 
term and the corresponding higher level term(s) and prompt the user to 
confirm them. However, should the term entered by the user be a syn- 
onym of a controlled term at a different level of some subject hierarchy, 
then the system requests the user to resolve this conflict and warns the 
user of this inconsistency. Also, a term entered by the user at a lower level 
may not be a synonym for any term at this level of the current subject 
hierarchy. To avoid such confusion and the possible need to backtrack, 
we revised our scheme to take advantage of the interactive and graphical 
nature of the interface. 
In our final implementation, our strategy is to separate the subject 
hierarchy search into twoorthogonal components: (1)a strictly hierarchical 
Figure 3. Selecting Subject Level-1 Before the General Level. 
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subject entry system using context sensitive pull down menus, and 
(2) fiiidiiig controlled terms for a string or term entered by a user. In the 
first case, the user is guided by the system to first select a higher level 
subject before being allowed to select a lower level. In this component, 
the user is not allowed to directly enter a subject term as indicated in 
Figure 3 .  In this way, the search by the system for a lower-level is thus 
limited to the already selected controlled higher levels and avoids the 
confusion and backtracking. 
In the event a resource provider has a basic idea of a term in the 
subject hierarchy that she or he wants to use as a resource, the term could 
be entered in the search slot of the GUI and use the synonym substring 
feature to query CINDI for a controlled term. Terms entered in this man- 
ner by a user could be synonymous at any level of a subject hierarchy. 
This could also occur when a provider enters terms that are part of con-
trolled terms (substrings) and thus cause the term to match entries at 
multiple levels. If the provider enters a synonym such as system, which 
could occur at a large number of subject hierarchies, the expert system 
displays the result and suggests the provider enter a more specific syn- 
onym. The system, using a thesaurus of synonyms and controlled terms, 
finds subject hierarchies closest to a user’s entered term and presents these 
for selection. The displayed term could be at any level of the hierarchy. 
The result of the search is presented to the provider in a pop-up window, 
as shown in Figure 4; the provider would then make a selection at one of 
the levels indicated by the system or reject the choice to try another term. 
The provider views the matching subject terms for each matching level by 
selecting the corresponding push button in Figure 4. If the entered term 
maps into a controlled term at a lower level of a subject hierarchy, the 
system automatically selects the higher levels of the subject hierarchy and 
displays them for the user to make a selection. These are illustrated in 
Figures 5 and 6. 
The use of the GUI, along with the orthogonal separation of subject 
level entry in hierarchical order and by matching a synonym, has simpli- 
Figure 4. Example of’Sub-String Look-Up: Search String ‘‘Corn.” 
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computer science 

Figure 5 .  Example of Sub-string Look-Up: Display Gencral Level. 
Figure 6. Example of Sub-string Look-Up: Display Sub-Level-l . 
fied the implementation of both the cataloging system and the searching 
system. By limiting the provider to enter a higher level subject before a 
lower level subject (see Figure 3 ) ,we have avoided many pitfalls that oc- 
curred in our earlier implementation and hence simplified the set of rules 
and the data that have to be retrieved. This improved the performance of 
the system arid allowed us to provide context-sensitive help for indexing, 
updating, and searching. 
Some fields of the qernantic header may have multiple or repeatable 
entry fields. The repeatable entry fields in the SH allow, for example, a 
document to be classified under more than one subject; an article could 
be written by more than one author; and the document can be identified 
by its HTTP, FTP, ISBN, and so on. We provide PRFV and NEXT push 
buttons (Figure 2) at the bottom of each block in the user interface to 
accommodate these entries. 
The PREV push button allows the user to view or modify the previous 
entry of a block and the NEXT push button allows the user to enter, view, 
or modifj the next entry of a block. To proceed to the previous or next 
entry, certain rules are enforced. For example, the NFXT entry button 
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action is not allowed until the current entry is completed and it has avalid 
value. The validity of all slot values is verified at the client site before the 
system allows the semantic header entry to be registered. 
CINDI Databas? SystPm 
The index entries registered by a provider of a resource in CINDI are 
stored in SHDDB. From the point of view of the users of the system, the 
underlying database may be considered to be a monolithic system. In 
reality, it could be distributed and replicated, allowing for reliable and 
failure-tolerant operations. The interface hides the distributed and 
replicated nature of the database. The distribution is based on subject 
areas and, as such, the database is considered to be horizontally parti- 
tioned (Desai, 1990). 
The database on different subjects in the CINDI system is to be main- 
tained at different sites of the communication network (as illustrated in 
Figure 1).The locations of such nodes need only be known by the intrin- 
sic interface and the database catalog used to distribute this information. 
Catalogs would also be used to store information about the location of the 
subject areas maintained in the SHDDB so that the client process at the 
user workstation can select subject hierarchies for indexing and retriev- 
ing semantic headers. 
The semantic header entered by the provider of the resource using a 
graphical interface is relayed from the user’s workstation by a client pro- 
cess to the database server process at one of the nodes of the SHDDB. 
The node is chosen based on its proximity to the workstation or on the 
subject of the index record. On receipt of the information, the server 
verifies the correctness and authenticity of the information and, on find- 
ing everything in order, sends an acknowledgment to the provider at the 
client site. 
The thesaurus database contains four object classes which represent 
the general subject of the subject hierarchy, the sub-subject and the sub- 
sub-subject, and finally the synonymwhich contains those subject terms (at 
any level) synonymous with the controlled terms. The registration sub- 
system at the server site is responsible for registering, deleting, updating, 
and annotating semantic headers. This subsystem uses an SHDDB area to 
store the SHs and other related objects. The database is an aggregation 
of three objects: SH, user ID, and word. SH contains all fields of the 
semantic header. Some of these fields are included in the SH object as 
attributes; others are objects which are components of the SH object. As 
an example, the author object is a part of the SH object which should be 
(partially) ordered. This is because, in the GUI, the first author field 
entered by the user would take part in the construction of the semantic 
header name (SHN). The SHN is derived from the following required 
elements in the semantic header: title, name of first author (or name of 
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organization, if the document or resource being registered is attribut- 
able to a corporate or organizational entity), first subject, creation date, 
and version. The SH also includes information in the Identifier object 
to access the corresponding online information resource. The UserID 
object contains both a user ID and a password entered by the user in the 
GUI. 
The SHDDB also contains the word object. It stores non-noise words 
appearing in those fields of an SH which may be used during the search 
operation. The word object corresponds to the SH objects where the value 
of the word object appears in the semantic headers. This object contains a 
fixed number of context objects equal to the number of search GUI fields. 
The semantic header database and the catalog database are imple- 
mented using the ODE (Object Database Environment) database system 
(Arlein, Gava, Gehani, & Lieuwen, 1993; Agrawal & Gehani, 1989; Agrawal, 
Dar, & Gehani 1993; Biliris & Panagos, 1993). 
Registm'ng the Semantic Header 
The graphical interface (see Figure 2) facilitates the provider (au- 
thor/creator) of a resource to fill in and subsequently register the biblio- 
graphic information about the resource. Once the information is entered, 
the provider can decide to register the semantic header entry in the data- 
base. The REGISTER push button allows providers to register the current 
semantic header into the CINDI database. To register a new semantic 
header, a user ID and password are required. Before an actual registra- 
tion request is made to the server, the client system would check the SH 
entry to ensure that all the required fields are entered. This validation 
ensures that the standard indexing scheme is enforced. 
When a semantic header is received at the database (server) site, the 
system performs a number of operations to register an SH. The first step 
is for a parser to verify the syntax of the input file and ensure that the 
mandatory fields of the SH have been entered. The non-noise words of 
the semantic header are stored in temporary variables and data structures 
for later use. The next step is for the database module to verify the status 
of the user ID and the password and ascertain that the SH does not al- 
ready exist in the database. Finally, the words and the semantic header 
are indexed into the database. The non-noise words would be added to 
the database and all attributes of the SH object would be initialized. Fi- 
nally, the unique SHN identifier is assigned to the newly added SH object. 
In a case where an error occurs, an error code would be sent to the client 
site which would be used by the client expert system to guide the user to 
correct the problem. 
When an SH is registered by the server, a copy of it is stored locally at 
the client site. Later, this could be loaded to update the semantic header 
as discussed in the section on Updating a Registered Semantic Header. 
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Client-Server Communication 
The communication between the user interface and the database is 
made using the TCP/IP protocol written in C. The server daemon runs at 
the server site. When a client, at the user site, is called by the user inter- 
face, it connects to the server and sends data in a file containing the query 
request. The server calls appropriate functions for parsing the file and 
transforming it into a database specific query (or queries). This query is 
sent to the database for processing. Finally, the server receives the result 
of the query in a file created by the database module and sends it back to 
the client using the TCP/IP protocol. 
Since a server may provide services to more than one client at a time, 
the server assigns a unique client ID to each file received from the client 
site. Each client ID is a concatenation of three fields. The first field is a 
fixed string used in all files. The second field is the value of time in sec- 
onds. The third one is the process ID of the child process responsible for 
serving a specified client. Thus possible client ID collisions at the server 
site are avoided. 
In a case where a network problem prevents data transmission, the 
server program provides a timeout mechanism to prevent the GUI at the 
user site from waiting for the server to respond indefinitely. If, after a 
specified period of time, the server fails to complete the process of trans- 
mitting data froni/to the client, the server sends an appropriate message 
to the client process and disconnects from the client process. Subsequently, 
the user interface receives the error code from the client process and 
displays an error message to the user. This way, the GUI does not freeze, 
and the user can carry on making other requests. 
Once a client has established a connection to a server, it issues a se- 
ries of transactions each of which is invoked by a function call. One such 
transaction actually performs the connection between client and server. 
With the exception of the connect transaction, each transaction gener- 
ates a sequence of actions as follows: a message identifying the transaction 
to be executed and the associate data are sent by the client to the server; 
the server process identifies the transaction from the associate data; and a 
message containing the response to the transaction is sent by the server to 
the client along with the ID of the original transaction. This is repeated 
until the client initiates a terminating transaction. 
Updating a Reylstm-ed Semantic Header 
The UPDATE push button (see Fi<g-ure 2) allows a provider of resources 
to update an existing semantic header. When there is a need to update 
the SH, it is loaded from a local saved copy into the GUT for registration 
through the use of the OPEN menu item in the FILE menu. The provider 
is not allowed to change fields corresponding to the SHN nor the re- 
viewers’ annotations (except for the annotations made at the time of 
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registration; the others are not stored locally in the original copy of the 
registered SH at the client site). The GUI rule system enforces this re- 
quirement by making these fields non-editable during the update phase 
and by giving appropriate warning messages if the provider tries to modify 
these fields. To register the updated semantic header, the provider has 
to enter the user ID and password that were used when initially register- 
ing it. 
The UPDATE button is disabled when a new semantic header is being 
entered. The REGISTER push button is disabled when a provider opens an 
existing semantic header for modification. 
Deleting a Registered Semantic Header 
The DELETE push button is used to remove a semantic header from 
the system. An SH can be deleted by the provider who registered it only if 
no public annotation were made in it after the SH was registered. The 
procedure of deleting an SH is similar to that of updating it. To delete an 
SH, the provider enters both a user ID and the corresponding password 
that match those entered when the SH was registered. Otherwise, an 
error message is relayed to the provider. The SH and the SHN main- 
tained in the word object with the value corresponding to each non-noise 
word are deleted from the database. If a word object, after such deletion, 
is found to be associated with no SHNs, it would be deleted from the 
database as well. The DELETE button is disabled when the user enters a 
new SH. 
SEARCHING 
In the current search system, we have incorporated the elementary 
expertise used by a reference librarian. Reference librarians are aware of 
the conventions used by cataloging librarians. They are conversant with 
the classification schemes, terms, indexes, structures, and resources avail- 
able for a user’s particular need. This basic expertise of the librarian is 
replicated to assist the users of our application in discovery and guides 
the user in entering the various search items in a graphical user interface 
similar to the one used by the registering subsystem (see Figure 7). The 
system is designed so that its query for document search facilitates effi- 
cient database access and reduces the number of incorrect results gener- 
ated. For example, the system aids the user in completing a given field 
entry based on the contents of the other search fields. As in the case of 
the registering sub-system, the expert system provides context-sensitive 
help in choosing appropriate search terms for index entries such as the 
subject, sub-subject, sub-sub-subject, and so on (Chander et al., 1997). 
When no SHs are found, the system suggests other alternatives to the user. 
The CINDI system offers a wide range of search criteria to allow pre- 
cisely targeted resource retrieval. Most widely used search fields are 
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Figure 7. Graphical User Interface: Search System. 
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included to allow the user to tailor the search and discovery needs. In 
most of these fields, the search can be specified to be performed using an 
exact match or substring of the word entered by the user. Most of these 
fields allow the logical operations and and or to refine the search. Paren- 
theses are also provided to allow nested logical search predicates. To trans- 
form the user-defined queries received from the client into database que- 
ries, we employ the reverse Polish (postfix) notation. 
Once the user has entered a search request, the client process com- 
municates with the nearest server which determines the appropriate sites 
of the SHDDB. Subsequently, the server communicates with these sites 
and retrieves one or more SHs. The results of the query can then be 
collected and a list in user specified block size is sent to the user's worksta- 
tion as illustrated in Figure 8. The contents of any of these semantic 
headers are displayed on demand by clicking on the title in the list. This 
is illustrated in Figure 9. The user can navigate to the other semantic 
headers by pressing the appropriate push buttons in this display. The 
system allows the user the facility to access one or more of the actual re- 
sources by connecting to a browser. A user can access the actual resource 
only if the selected item for access has an identifier which allows online 
access via a hrsruxr s t ~ h -as Nctscape .which-c~sld-be-used-t,:+ display-the 
resource. 
Figure 8. Result of a Search QJerv: List of' Semantic Headers. 
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Figure 9. Display of a Selected Semantic Header. 
We associate two counters with each SH to measure the extent of the 
disseminationof the SH and the resource it describes. One counter records 
the number of times a given SH was accessed in searches made by users of 
the system. The second counter indicates the number of accesses made 
via CINDI to the actual resource corresponding to a semantic header. 
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ANNOTATION 

The research community depends on peer review of documents sub- 
mitted for publication. Such review or annotation is often not published. 
However, comments to the editor made by readers ofjournals are usually 
published and are accessible to the community. Since many of the re- 
sources on the Internet tend not to be reviewed, it would be beneficial for 
a user to have access to annotations made by other users for a given 
resource. The proposed system allows users to add annotations to an ex- 
isting resource. 
These annotations are stored along with the index in the SHDDB 
(Desai, 1996). Peer reviews of electronically submitted papers could be 
implemented using such annotations. Authentication of reviews has to 
be done by an appropriate editorial board. 
The graphical user interface of the annotation subsystem is shown in 
Figure 10. The annotation subsystem is similar to the indexing subsystem. 
However, only a few of the indexing entries that uniquely identify the 
resource in question are required. An annotation made by any user can 
be entered and would be registered with the identity of the user. Such 
annotations could be valuable guides for future users. 
To avoid nonserious entries to the annotation by unscrupulous read- 
ers, we have separated the annotation entry from the search subsystem. 
In order to add annotations, the user has to save the semantic header 
when viewing it in the search subsystem using the SAVE push button. It is 
expected that the user would actually access the resource corresponding 
to the SH. If the user decides to make an annotation, he loads the saved 
SH from the local file system by pressing on the LOAD SH push button in 
the annotation form. 
The newly entered annotations, together with the annotator’s infor- 
mation, as well as his login name and host name, would be concatenated 
to the existing annotations when the annotator registers them. 
CONCLUSION 
Current index systems are based on harvesting the network for new 
documents. Such documents are retrieved and their contents used to 
provide terms for the index. The big disadvantage with this scheme is the 
unreliability of the index entries produced and the lack of an authentic 
abstract for the item. The current Dublin Metadata Element (Desai, 1995) 
list also suffers from the absence of the abstract. Furthermore, current 
index schemes are relevant for resources of limited protocol and are not 
applicable to other resources. CINDI has addressed these problems, giv- 
ing rise to the following advantages: (XNDI allows the indexing of resources 
accessible online or offline; CINDI requires that the provider of the re- 
source use controlled terms and provide an abstract (this is an improve- 
ment over extracting phrases from the first part of a resource or by simply 
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Figure 10. Graphical User Interface: Annotation System. 
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picking up terms by scanning a resource as is done by some of the existing 
systems), since the registration of the semantic header in the database is 
performed by the provider of the resource, it improves cost, accuracy, and 
efficiency; CINDI allows annotations by reviewers which enable future users 
to make better informed decisions regarding the relevance of the source 
resource; the size of the CINDI database is not limited since the database 
is distributed among a number of sites. Furthermore, the system lends 
itself to the well researched distributed query processing techniques to 
support discovery from these distributed database systems in parallel. 
The expert system support provided in our implementation is ob- 
tained by distributing the rules to be enforced in various parts of the sys- 
tem including the GUI. This method was chosen over using expert sys- 
tem shells such as CLIPS. While such shells facilitate knowledge engi- 
neering and rule encoding, we found in our trial implementation that 
they incurred a significant overhead. For example, for every rule firing, if 
a system such as CLIPS were used, its inference engine would recompute 
the set of rules that can fire. The distribution of the rules in CINDI im- 
proved performance since only a small number of rules had to be devel- 
oped in such an environment. 
CINDI, in its current implementation, uses an ODE database and an 
X-window based Motif interface (Heller, 1994). The client software for 
ULTRIX for Sun can be downloaded from: <http://cindi.cs.concordia.ca/ 
cindi>. We plan to port the client software to Linux. The initial decision 
to use a Motif-based interface was due to the limitation of HTML 
(Hypertext, 1997) in providing unspecified numbers of repeating fields. 
With the newer tools, such as XML and Java, we have undertaken porting 
CINDI to the Web. We will also port SHDDB to a robust commercial 
DBMS. 
CINDI, as do other self-indexing systems, requires the active partici- 
pation of the provider. To make this task easier, we are providing an auto- 
matic semantic header generation system. Preliminary results of this work 
in progress is encouraging, and it will be incorporated in our Web-based 
version. 
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